We have carried out systematic studies on Goethite nanoparticles doped (dispersed) HPMC polymer films to quantify the changes in their structural properties, the conductivity, and IR absorbance of films. It is observed that the addition of nanoparticles has significant influence on changing structural parameters and hence enhancing the conductivity of the polymer composite considerably. These polymer composites are water soluble.
Introduction
Recent works have focused on the designed synthesis and exploration of applications of binary oxide films, such as TiO 2 -CeO 2 [1] , TiO 2 -ZnO [2] , TiO 2 -SiO 2 , and TiO 2 -WO 3 [3] . These were considered to be effective semiconductor, advanced materials, heterogeneous catalysts, and catalyst supports. The nanoparticles doped polymers have wide applications in devices transducers, gas sensors, and as catalysts [4] [5] [6] . This is expected as they are inexpensive. The properties of the materials are found to vary with their constituents. There are several methods of preparation of nanoparticles, which we dope to the polymer matrix and among them hydrothermal approach [7, 8] has great advantages. Nanoparticles doped polymers have created a great interest in the field of research and our work is based on the preparation of a new material to the class of polymer nanocomposites. We have used hydroxypropyl methylcellulose (HPMC) as the polymer base in this work, which is a water soluble polymer and is widely used in the field of medicine due to its solubility in water and high inertness, possessing a nontoxic nature. It is mainly used in manufacturing of capsules due to its property of controlled drug release [9, 10] . It is easily accepted and has a variety of viscosities and types of substitution, and the necessary doses are easy to formulate [11] . HPMC is a potential biodegradable cellulose derivative that produces films with good oil barrier and excellent mechanical properties and it is tasteless. The addition of nanoparticles to a polymer changes the structural and other properties like conductivity and IR absorbance considerably from its parent polymer. In this paper we report preparation of materials and characterization studies using X-ray, conductivity, and FT-IR techniques.
Preparation

Preparation of Nanoparticles.
The hydrothermal technique has been the best technique to prepare Goethite (FeO(OH)) particles of desired sizes with homogeneity in composition and high degree crystallinity. Goethite (FeO(OH)) nanoparticles were prepared with 1% to 5% weight of Goethite and were tested for their photodegradation efficiency. The synthesis has been carried out using Morey autoclaves (designed and fabricated at the Department of Environmental Science, University of Mysore, Mysore) provided with Teflon liners. The conditions selected for the synthesis of Goethite particles are at temperature of = 200 ∘ C and a pressure less than 50 bars. The starting material FeCl 3 was taken in a Teflon liner. A required amount of an effective mineralizer was added to the mixture. The mixture is stirred thoroughly to obtain a homogenous and relatively viscous solution. The Teflon liner is placed in an 2 Journal of Polymers autoclave and then the autoclaves were placed in the oven and kept at a predetermined temperature for a desired period (12-72 hrs). The mineralizer used was 1 M NaOH. After the experimental runs the autoclaves were quenched and the liner is taken out. The contents of the liner are thoroughly washed in double distilled water repeatedly which is later dried in an oven (at 40 ∘ C) before using it for the study. The precursors were prepared using double distilled water. It is one of the thermodynamically most stable iron oxides at ambient temperatures and it is, for this reason, often found as an end product of many transformations.
Preparation of the Polymer Nanocomposites.
The nanoparticles doped polymer films are prepared by solution casting method. The HPMC solution of 5% was prepared at room temperature and, for this, the different proportions of 0.01, 0.02, and 0.03 grams of Goethite are added in the separate beakers containing HPMC pure solutions of the same amount and were stirred for around 1 hour each and then it was poured into glass plates and allowed to cast for desired number of days. A pure HPMC film was also prepared in the same procedure for comparative studies.
Experimental
XRD Recording.
The casted polymer films were cut into desired pieces of required size (2 cm × 2 cm) and were taken in the sample holder of Rigaku-Denki miniflex II desktop X-Ray diffractometer with the settings of 30 kV and 15 mA, scanning rate of 5 ∘ per minute, and for the range of 5 ∘ to 40 ∘ with step size of 0.02 ∘ being recorded. The integral breadth of the diffraction peaks is related to the apparent size of the crystals and to their microstrains. If the size and strain broadening exist simultaneously, then crystallite size and strain can be calculated by Williamson-Hall plot (W-H plot). For relative comparison of the parameters, W-H plot is a reasonably reliable one [12] . The W-H plot considers both limited size of the crystals and the presence of crystallographic distortions which leads to Lorentzian intensity distributions. The slope of the W-H plot represents the average strain in the crystal, whereas intercept with the -axis gives the crystallite size. The Williamson-Hall relation is given by
where " " is the full width at half maximum (FWHM) of the peak measured in radians, " " is average crystallite size, and " " is average lattice strain. The obtained XRD plots and the values of crystallite size and average strain are given in Figure 1 and its thickness and the area. The conductivity ( ) of the sample can be obtained by the relation,
where " " is the thickness and " " is the area of the sample. This instrument gives the transconductance values for different frequencies from 50 Hz to 5 MHz. The obtained transconductance values for various frequencies were evaluated to get the conductivity results for the same corresponding frequencies and a graph of conductivity for various frequencies was plotted as a function of its concentration.
This plot and tabulation are shown in Figure 2 and Table 2 , respectively. At 1 kHz, the variation of conductivity with dopant is given in Figure 3. 
FT-IR.
The FT-IR spectrum for these composites was recorded using JASCO FT-IR 4100 type A instrument, for the scanning range from 4000 cm −1 to 400 cm −1 . The infrared spectrum taken for pure HPMC and Goethite doped HPMC polymers is given in Figure 5 .
Results
It is evident from Table 1 that the average crystallite size of the pure HPMC is found to decrease first with the dopant concentration of 0.01% but later it increases with the concentration of Goethite nanoparticles. This is because the addition of nanoparticles to the polymer matrix affects the total crystallite size of the parent polymer, but later the crystallite size of the nanoparticles adds up with the overall crystallite size resulting in the increase of composite crystallite size with the concentration. It is seen that this variation makes an interesting change in conducting property of the polymer composite. The variation of crystallinity with dopant is given in Figure 4 . The total strain in the crystal is due to the mismatch between the material and the substrate and other crystallographic defects that may be present in the crystal. For pure HPMC polymer sample, 3 reflections were considered which were centered at 13.06, 19.67, and 25.47 on the 2 axis; for these corresponding values, ℎ was calculated using Bragg's equation and by the relation for monoclinic crystal lattices; that is,
The respective ℎ, , values were determined. Here is the wavelength of X-ray, " " is 0.787 nm, " " is 0.817 nm, " " is 1.034 nm, and " " is 96.3 ∘ , which are the parameters of cellulose [13] . Leonardi size is different along different Bragg angles [14] ; considering this and taking all the above stated parameters and Bragg's reflections, an attempt was done to sketch crystallite shape of pure HPMC polymer showing all three reflections along with unit cell crystallite in Figure 6 . The conductivity of HPMC pure film has been enhanced with the addition of Goethite nanoparticles and is significantly high for the concentration of 0.02% but on an average conductivity increases with the increase in dopant percentage. Plot of conductivity versus concentration for various frequencies is shown in Figure 2 , which shows the respective increase in the conducting property of HPMC polymer with increase in its concentration.
From the FT-IR spectrum we have studied the nature of chemical bonds in polymers that can be studied through the characterization of the vibration modes by infrared spectroscopy [15] . We have calculated few parameters such as equilibrium vibration frequency (̄), anharmonicity constant, fundamental and first overtone transition frequencies, zero point energy, and force constant of O-H stretch. For pure HPMC the fundamental and first overtone transitions of O-H bonds are centered at 3620 cm −1 and 2117.5 cm −1 , respectively. The equilibrium vibration frequency of the chain about this bond is calculated by solving the equations given below [16] .
For the pure HPMC polymer:
Frequency of the fundamental transition
Frequency of the first overtone
The obtained equilibrium vibration "̄" for pure HPMC is 2731.68 cm −1 . In the same manner the equilibrium vibration for all the other samples was calculated.
The zero-point energy is given by the following relation:
wherēis the equilibrium vibration and is the anharmonicity constant.
The force constant is calculated using the relation
where " " is the reduced mass of the system, " " is the light velocity, and "̄" is equilibrium vibration frequency. Using all these equations the IR spectrum parameters which were quoted before were calculated and tabulated in Table 3 . From these results it is evident that the force constant between O-H bond is found to be decreased with increase in dopant concentration and also the zero-point energy 0 is also found shifted towards the lower frequency with the increased dopant concentration. The anharmonicity constant and the equilibrium vibration frequency "̄" do change in the same manner with respect to the dopant concentration. From this we can say that there are no such changes encountered in the structural properties of Goethite nanoparticles doped HPMC polymer as that found in the microstructural parameters such as crystallite size and strain calculated using WAXS data [15] .
Conclusions
The conductivity of Goethite doped HPMC polymers has been increased with the increase in its concentration. But this increase in the conducting property of these doped polymers is not linear with the increase in the concentration of dopants. This nonlinearity in conducting property of Goethite: HPMC polymers is due to its crystallite size variation. The variation of crystallite sizes has been tabulated in Table 2 and shown in Figure 4 . We have obtained the conductivity of pure HPMC at room temperature around 6.28 × 10 −6 Sm −1 and the conductivity for doped ones 9.63 × 10 −4 to 1.86×10 −3 Sm −1 which shows that the conductance of these doped HPMC polymers is more than that of silicon and conducting polymers like polythiophene and polyacetylene which possess a conductance in the range 4.3×10 −4 and 10
−10
to 10 −8 Sm −1 , respectively.
